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EXECUTIVE SUFLMARY

SOIL AND GROUND WATER ASSESSMENT REPORT

BOEING EMF

PURPOSE REPORT

TO REPORT THE INITIAL RESULTSRESULT OF AN INVESTIGATION TO CHARACTERIZE

GROUND WATER AND SOIL CONTAMINATION NEAR THE BOEING COMPANYSCOMPANY

ELECTRONIC MANUFACTURING FACILITY EMF IN SOUTH SEATTLE

WASHINGTON

STUDY OB17ECTIVESOB17ECTIVE

THISTHI INVESTIGATION WAS CONDUCTED BY THE BOEING AEROSPACE COMPANY

IN RESPONSE TO WASHINGTON STATE DEPARTMENT OF ECOLOGY WDOE

ORDER WHICH ESTABLISHED THE STUDY OBJECTIVESOBJECTIVE SUNUNARIZED BELOW

1 IDENTIFY THE CHARACTERISTICSCHARACTERISTIC OF GROUND WATER AND THE

GENERAL HYDROGEOLOGY OF THE EN SITE TO DEFINE ALL POTENTIAL

MIGRATION PATHWAYSPATHWAY OF CONTAMINANTSCONTAMINANT IN THE GROUND WATER AND

TO SELECT REMEDIAL ALTERNATIVES

2 IDENTIFY THE PRESENCE LOCATIONSLOCATION QUANTITIESQUANTITIE CONCENTRA

TIONSTION AND SOURCESSOURCE OF HEXAVALENT CHROMIUM TRICHIOROETBY

LENE AND OTHER CONTAMINANTSCONTAMINANT IN THE GROUND WATER

3 DESCRIBE ONSITE AND OFFSITE GROUND WATER USESUSE AND USE RATES

FIELD PROGRAM

EIGHT NEW MONITORING WELLSWELL WERE INSTALLED AT SIX LOCATIONSLOCATION AT EM

AS PART OF THISTHI INVESTIGATION SOIL SAMPLESSAMPLE WERE OBTAINED DURING

THE DRILLING OF THE NEW MONITORING WELLSWELL IN ORDER TO DETERMINE
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THE STRATIGRAPHY OF UNDERLYING SOIL AND THE NATURE OF THE GROUND

WATER REGIME GROUND WATER SAMPLESSAMPLE FROM EIGHT NEW MONITORING

WELLSWELL AND THE PREEXISTING WELL POINTSPOINT WERE CHEMICALLY TSTED TO

CHARACTERIZE GROUND WATER QUALITY AT EMF AND TO ANALYZE THE

NATURE EXTENT AND MOBILITY OF CONTAMINANTSCONTAMINANT IN GROUND WATER

WATER LEVEL MEASUREMENTSMEASUREMENT WERE CONDUCTED TO DETERMINE GROUND WATER

GRADIENTSGRADIENT AND CORRELATIONSCORRELATION WITH TIDAL FLUCTUATIONSFLUCTUATION IN THEPAY PERMEABILITY TESTSTEST WERE CONDUCTED AT ALL NEW

MONITORING WELLSWELL TO DETERMINE SOIL PERMEABILITIESPERMEABILITIE AND PREFERRED

PATHWAYSPATHWAY FOR GROUND WATER MOVEMENT

FINDINGSFINDING CONCLUSIONSCONCLUSION

RESULTSRESULT OF FIELD INVESTIGATIONSINVESTIGATION AND CONTAMINANT TRANSPORT

ANALYSESANALYSE INDICATEDTHE FOLLOWING FINDINGSFINDING AND CONCLUSIONSCONCLUSION

1 THERE ARE NO REGISTERED GROUND WATER PRODUCTION WELLSWELL WITHIN

3MILE RADIUSRADIU OF EMP THEREFORE THE DUWAMISH WATERWAY WASP

ESTABLISHED AS THE PRIMARY RECEPTOR OF CONCERN

2 THE LOCATION OF THE BURIED DUWAMISH RIVER CHANNEL NEAR THE

EMF SITE COULD NOT BE DETERMINED WITH CERTAINTY

3 EXCEPT FOR CONCENTRATIONSCONCENTRATION OF TRICHIOROETHYLENE IN WELL

POINTSPOINT WP AND 9A INSIDE THE EMF BUILDING ALL LEVELSLEVEL OF

ORGANICSORGANIC IN THE GROUND WATER WERE BELOW FRESHWATER AQUATIC

LIFE CRITERIA

4 CONCENTRATIONSCONCENTRATION OF HEXAVALENT CHROMIUM WERE AT OR BELOW

DETECTION LIMITSLIMIT IN ALL MONITORING WELLSWELL AND WELL POINTS

THISTHI IS DUE PRIMARILY TO THE CHEMICAL REDUCTION OF

HEXAVALENT CHROMIUM TO TRIVALENT CHROMIUM WITHIN THE NATURAL

SOIL ENVIRONMENT
SCL 05924
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5 ELEVATED CONCENTRATIONSCONCENTRATION OF TRIVALENT CHROMIUM COPPER LEAD

AND ZINC WERE FOUND IN WELL POINTSPOINT WITHIN THE EM BUILDING

THE ELEVATED CONCENTRATIONSCONCENTRATION MAY BE ATTRIBUTED IN PART TO THE

PLATING OPERATIONSOPERATION AND THE USE OF GALVANIZED STEEL PIPESPIPE AS

CASING FOR THE WELL POINTS THE METAL EXCEEDING CRITERIA BY

THE HIGHEST RATIO WAS COPPER WITH MAXIMUM CONCENTRATION

OF 10000 PPB IN WP 9

6 CONSERVATIVE ASSUMPTIONSASSUMPTION WERE MADE IN CALCULATING MASSMAS

MOVEMENT RATESRATE FOR TRICHIOROETHYLENE AND COPPER FROM EM TO

THE DUWAMISH WATERWAY BASED ON THESE CALCULATIONSCALCULATION MAXIMUM

CONCENTRATIONSCONCENTRATION OF TRICHIOROETHYLENE AND COPPER IN THE

DUWANTISH WATERWAY WERE DETERMINED TO BE 0012 PPB AND 00012

PPB RESPECTIVELY THESE CALCULATED CONCENTRATIONSCONCENTRATION ARE WELL

BELOW CHRONIC EXPOSURE GUIDELINE FOR TRICHIOROETHYLENE AND

THE 4DAY AVERAGE FRESHWATER AQUATIC LIFE CRITERIA FOR

COPPER

7 PHYSICAL FACTORSFACTOR AND CHEMICAL AND BIOCHEMICAL PROCESSESPROCESSE

WHICH WERE NOT CONSIDERED IN THE CONTAMINANT TRANSPORT

ANALYSESANALYSE ARE EXPECTED TO SIGNIFICANTLY REDUCE THE

CONCENTRATIONSCONCENTRATION AND AMOUNTSAMOUNT OF CONTAMINANTSCONTAMINANT CALCULATED TO

REACH THE DUWAMISH WATERWAY FROM THE EM SITE

RECOMMENDATIONSRECOMMENDATION

ADDITIONAL MONITORING IS RECOMMENDED TO MORE ACCURATELY ASSESSASSES

THE EXTENT AND POTENTIAL IMPACT OF GROUND WATER CONTAMINATION

1 IT IS RECOMMENDED THAT THISTHI MONITORING PROCEED AS OUTLINED IN THE

1 INITIAL SOIL AND GROUND WATER ASSESSMENT PLAN FOR BOEING EM
THAT IS
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WATER QUALITY SAMPLESSAMPLE WILL BE COLLECTED FOR

PERIOD OF TWO YEARSYEAR WITH SAMPLESSAMPLE BEING TAKEN QUAR
TERLY FOR THE FIRST YEAR AT THE END OF ONE YEAR
AN EVALUATION WILL BE MADE AND THE SAMPLING INTER
VALSVAL ADJUSTED ACCORDINGLY

THE ENDOFTHEYEAR EVALUATION SHOULD DESCRIBE RECOMMENDED

REMEDIAL MEASURESMEASURE AS APPROPRIATE
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INTRODUCTION

THISTHI REPORT PRESENTSPRESENT THE INITIAL RESULTSRESULT OF AN INVESTIGATION

TO CHARACTERIZE GROUND WATER AND SOIL CONTAMINATION IN THE

VICINITY OF THE BOEING COMPANYSCOMPANY BUILDING 3962 ALSO KNOWN AS

THE ELECTRONIC MANUFACTURING FACILITY EM EMF IS LOCATED AT

7355 AIRPORT WAY SOUTH ADJACENT TO THE EAST BOUNDARY OF BOEING

FIELDKING COUNTY INTERNATIONAL AIRPORT IN SOUTH SEATTLE

WASHINGTON SEE FIGURE 1
THE INVESTIGATION WAS CONDUCTED BY LANDAU ASSOCIATESASSOCIATE INC

ON BEHALF OF BOEING AEROSPACE COMPANY BOEING IN RESPONSE TO

WASHINGTON STATE DEPARTMENT OF ECOLOGY WDOE ORDER NO DE 82

469 DATED OCTOBER 1982 AS AMENDED BY ORDER NO DE 82469

FIRST AMENDMENT DATED APRIL 1985

THE SPECIFIC SCOPE AND OBJECTIVESOBJECTIVE OF THISTHI INVESTIGATION AS

ESTABLISHED IN WDOB ORDER NO DE 82469 ARE TO

IDENTIFY THE DIRECTION OF GROUND WATER FLOW AND THE DETAILED

HYDROGEOLOGY AT EM IN SUFFICIENT DETAIL TO DEFINE ALL

POTENTIAL MIGRATION PATHWAYSPATHWAY OF CONTAMINANTSCONTAMINANT IN THE GROUND

WATER AND TO SELECT APPROPRIATE REMEDIAL ALTERNATIVES

IDENTIFY THE CONCENTRATION DISTRIBUTIONSDISTRIBUTION OF HEXAVALENT

CHROMIUM AND TRICHIOROETBYLENE IN THE GROUND WATER

IDENTIFY THE PRESENCE OF CONTAMINANTSCONTAMINANT IN THE GROUND WATER

OTHER THAN HEXAVALENT CHROMIUM AND TRICHLOROETBYLENE

IDENTIFY THE LOCATIONSLOCATION QUANTITIESQUANTITIE CONCENTRATIONSCONCENTRATION AND

SOURCESSOURCE OF HEXAVALENT CHROMIUM AND TRICHLOROETHYLENE AND

OTHER CONTAMINANTS

DESCRIBE ONSITE AND OFFSITE GROUND WATER USESUSE AND USE RATES
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ON NAY 1985 BOEING SUBMITTED LIST OF TASKSTASK TO BE

ADDRESSED UNDER THE PENDING GROUND WATER ASSESSMENT PROGRAM TO

WDOE FOR THEIR REVIEW AND APPROVAL THE TASKSTASK WERE DESIGNED TO

GENERATE THE DATA REQUIRED TO MEET THE PROGRAM OBJECTIVES THISTHI

SUBMITTAL ALSO CONTAINED AN ASSESSMENT OF ONSITE AND OFFAITE

GROUND WATER USE AND THUSTHU RESPONDED TO THE FIFTH PROGRAM OBJEC

TIVE CITED ABOVE THE ASSESSMENT OF GROUND WATER USE INDICATED

THAT THERE WERE NO REGISTERED ONSITE OR OFFAITE GROUND WATER

PRODUCTION WELA INSIDE 3MILE RADIUSRADIU FROM EF THEREFORE THE
DUWAMISH WATERWAY WAS ESTABLISHED AS THE PRIMARY RECEPTOR OF

CONCERN FOR CONTAMINANTSCONTAMINANT IN GROUND WATER

ON 21 JUNE 1985 BOEING SUBMITTED DETAILED SOIL AND GROUND

WATER ASSESSMENT PLAN TO WDOE THE BOEING COMPANY 1985 THISTHI

PLAN CONTAINED THE FOLLOWING SPECIFIC TASKSTASK AND APPROACHESAPPROACHE TO

COMPLETE THE PROGRAM OBJECTIVESOBJECTIVE

LOCATION AND INSTALLATION TECHNIQUESTECHNIQUE FOR ADDITIONAL MONI

TORING WELLSWELL

SOIL AND GROUND WATER SAMPLING PROCEDURESPROCEDURE

CHEMICAL TESTING PROCEDURESPROCEDURE

ANALYTICAL PROGRAM TO IDENTIFY CONTAMINANTSCONTAMINANT OTHER THAN

BEXAVALENT CHROMIUM AND TRICHIOROETHYLENE

BOEING SUBMITTED FINAL AMENDMENTSAMENDMENT TO THE PLAN TO WDOE ON

28 AUGUST 1985 THISTHI PLAN REFLECTED SEVERAL REFINEMENTSREFINEMENT NEGO

TIATED BETWEEN BOEING AND WDOE NUMBER OF MONITORING WELLSWELL

ANALYTICAL APPROACHESAPPROACHE ETC
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THISTHI REPORT IS PREPARED IN RESPONSE TO PROVISION IN THE

AMENDED PLAN THAT

WAN ASSESSMENT REPORT SHOULD BE PREPARED IMMEDIATELJ
AFTER THE NEW WELLSWELL ARE INSTALLED WATER LEVEL
ELEVATIONSELEVATION HAVE BEEN DETERMINED AND THE FIRST ROUND
OF WATER QUALITY RESULTSRESULT ARE COMPLETED

ANALYSISANALYSI IN THISTHI REPORT IS BASED ON ONE ROUND OF SAMPLE

COLLECTION AND TESTING SECOND ROUND OF SAMPLING IS SCHEDULED

FOR APRIL 1986

SEPARATE ISSUE RELATED TO THE LEAKAGE OF CHROMIC AND WASTE

ACID FROM FAILED PIPE CHASE UNCOVERED DURING CONSTRUCTION OF

NEW PEDESTRIAN ENTRY WAY TO EMP IN NOVEMBER 1985 IS DISCUSSED IN

APPENDIX FTO THISTHI REPORT

FROM 1962 TO 1982 PLATING FACILITY WAS IN OPERATION AT

EMP REMOVAL OF THE PLATING FACILITY BEGAN IN MAY 1982 DURING

REMOVAL SOIL CORE SAMPLE WAS TAKEN AND CHEMICALLY TESTED TO

DETERMINE IF SOIL WAS CONTAMINATED IN THE VICINITY OF THE PLATING

OPERATION EVIDENCE OF CHROMIUM CONTAMINATION WAS DETECTED AS

RESULT OF TESTING AND REPORTED TO THE EPA NATIONAL RESPONSE

CENTER AND WDOE BY BOEING ON 20 MAY 1982 AS PART OF THE NOTIFI

CATION BOEING INFORMED EPA AND WDOE THAT CLEANUP OPERATIONSOPERATION

WOULD BE INITIATED

ON 16 AUGUST 1982 WDOE ISSUED NOTICE OF VIOLATION IN

RESPONSE TO LEAKAGE OF CHROMICSULFURIC ACID INTO THE GROUND

WATER BOEING RESPONDED TO THE NOTICE IN LETTER DATED

23 AUGUST 1982 OUTLINING THEIR INTENT TO INSTALL WELL POINTSPOINT AND
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COMMENCE PUMPING PROGRAM TO MONITOR AND REDUCE CONCENTRATIONSCONCENTRATION

OF HEXAVALENT CHROMIUM IN GROUND WATER SEVERAL WELL POINTSPOINT WERE

INSTALLED IN SEPTEMBER 1982 INITIAL CONCENTRATIONSCONCENTRATION OFHEXAVA

LENT CHROMIUM IN THE GROUND WATER WERE IN THE RANGE OF TO

PARTSPART PER MILLION PPM

WDOE ISSUED AN ORDER DE 82469 ON OCTOBER 1982

DIRECTING BOEING TO REMOVE AND DISPOSE OF CONTAMINATED SOIL

IN ACCORDANCE WITH WASHINGTON STATE DANGEROUSDANGEROU WASTE REGULATIONSREGULATION

CHAPTER 173303 WAC AND PUMP AND TREAT CONTAMINATED GROUND

WATER TO REDUCE HEXAVALENT CHROMIUM TO TRIVALENT CHROMIUM IF

HEXAVALENT CHROMIUM CONCENTRATIONSCONCENTRATION EXCEEDED PPM OR DISCHARGE

GROUND WATER TO THE METRO SANITARY SEWER UNDER PERMIT IF CONCEN

TRATIONSTRATION WERE LESSLES THAN PPM THE ORDER ALSO SPECIFIED THAT

PUMPING BE CONTINUED UNTIL HEXAVALENT CHROMIUM CONCENTRATIONSCONCENTRATION IN

GROUND WATER STABILIZED AT OR BELOW THE EPA DRINKING WATER

STANDARD OF 005 PPM BOEING COMMENCED THE PUMPING PROGRAM ON 22

OCTOBER 1982 IN ADDITION BOEING REMOVED APPROXIMATELY 30 YARDSYARD

OF CONTAMINATED SOIL FROM THE SITE AND DISPOSED OF IT AT AN

APPROVED HAZARDOUSHAZARDOU WASTE DISPOSAL SITE

EVIDENCE OF TRICHIOROETHYLENE CONTAMINATION WAS DETECTED IN

THE EXCAVATED AREA ON 29 OCTOBER 1982 RESULTSRESULT OF CHEMICAL

TESTING INDICATED THE PRESENCE OF TRICHIOROETHYLENE IN GROUND

WATER SAMPLESSAMPLE IN THE RANGE OF 80 TO 960 PPM FOLLOWING SAMPLE

TESTING WDOE DIRECTED BOEING TO BREAK OUT ADDITIONAL FLOOR AREA

AND EXCAVATE AN ADDITIONAL YARDSYARD OF SOIL NEAR THE SPILL SOURCE

CHEMICAL TESTSTEST CONDUCTED ON SOIL SAMPLESSAMPLE INDICATED THAT CONCEN

TRATIONSTRATION OF HEXAVALENT CHROMIUM DID NOT EXCEED THE STATE
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DANGEROUSDANGEROU WASTE STANDARD OF PPM IN 16 DECEMBER 1982 TELE

PHONE COMMUNICATION TO BOEING WDOE ESTABLISHED THE FOLLOWING

CONTAMINANT CONCENTRATION LIMITSLIMIT FOR GROUND WATER POTENTIALLY

INFLUENCED BY EMF

1 HEXAVALENT CHROMIUM

LESSLES THAN OR EQUAL TO FOR DANGEROUSDANGEROU WASTESWASTE
05 FOR AQUATIC LIFE
05 FOR DRINKING WATER

TRICHIOROETHYLENE

LESSLES THAN OR EQUAL TO LQFL FOR DANGEROUSDANGEROU WASTE
LI PM FOR AQUATIC LIFE
00027 FOR DRINKING WATER

DURING 29 FEBRUARY 1983 MEETING WITH WDOE REPRESENTATIVESREPRESENTATIVE

BOEING REPORTED THAT NEARLY 250000 GALLONSGALLON OF GROUND WATER HAD
BEEN PUMPED FROM AREASAREA NEAR THE SPILL SOURCE RESULTSRESULT OF GROUND

WATER ANALYSISANALYSI INDICATED THAT CONCENTRATIONSCONCENTRATION OF HEXAVALENT CHRO

MIUM AND TRICHIOROETHYLENE WERE BELOW THE FRESHWATER AQUATIC LIFE

CRITERIA SPECIFIED BY THE WDOE EXCEPT FOR ONE LOCATION WHERE THE

CONCENTRATION OF TRICHIOROTHYLENE WAS L20PPM

IN LETTER DATED MARCH 1983 WDOE GAVE BOEING PERMISSION

TO BACKFILL EXCAVATED AREASAREA REPAVE THE FLOOR REDUCE PUMPING

ACTIVITY AND CONTINUE MONITORING GROUND WATER QUALITY ON QUAR

TERLY BASIS WDOE DIRECTED BOEING TO MAINTAIN FOUR EXISTING WELL

POINTSPOINT AND TO INSTALL ONE ADDITIONAL WELL POINT FOR FUTURE MONI

TORING

BASED ON EP TOXICITY SCL 05932
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ANALYSISANALYSI OF GROUND WATER SAMPLESSAMPLE COLLECTED IN AUGUST AND

SEPTEMBER 1983 INDICATED THAT CONCENTRATIONSCONCENTRATION OF HEXAVALENT

CHROMIUM AND TRICHIOROETHYLENE WERE INCREASING AT NUMBER OF

LOCATIONS BOEING CONTINUED TO COLLECT AND ANALYZE GROUND WATER

SAMPLESSAMPLE ON QUARTERLY BASIS

BOEING COMPLETED BACKFILLING AND PAVING OF THE EXCAVATED

AREA ON 21 JUNE 1984 ON 27 NOVEMBER 1984 BOEING PETITIONED

WDOE TO ISSUE NOTICE OF SATISFACTION OF ORDER IN RESPONSE TO

BOEINGSBOEING CONTENTION THAT THE EMP SITE WAS THEN IN COMPLIANCE WITH

ALL REQUIREMENTSREQUIREMENT OF WDOE ORDER DE 82469 IN THEIR MARCH 1985

LETTER TO BOEING WDOE RESPONDED BY STATING THAT THE GROUND WATER

QUALITY DATA SUBMITTED BY BOEING WAS INCONCLUSIVE AND THAT

WITHOUT ADDITIONAL GROUND WATER PUMPING ACTIVITIESACTIVITIE
THERE IS NO ASSURANCE THAT THE GROUND WATER HEXAVA
LENT CHROMIUM CONCENTRATIONSCONCENTRATION HAVE STABILIZED AT THE

LOWEST PRACTICAL LEVELS

THE LETTER ALSO STATED THAT WDOE FINAL CLEANUP POLICY

EFFECTIVE DATE 10 JULY 1984

DEFINESDEFINE CLEANUP LEVELSLEVEL FOR HEXAVALENT CHROMIUM
AND TRICHIOROETHYLENE IN GROUND WATER TO BE 005 PPM
AND 18 PPB MICROGRAMSMICROGRAM PER LITER RESPECTIVELY
THOSE CLEANUP LEVELSLEVEL PROTECT GROUND WATER AS

POTENTIAL DRINKING WATER SOURCE AND WILL BE CONSI
DERED TARGET CLEANUP LEVELSLEVEL FOR THE BOEING EMF
SITE

IN THE LETTER WDOE REPORTED THAT THEY INTENDED TO AMEND THE

EXISTING ORDER TO REFLECT THE TARGET CLEANUP LEVEL AND REISSUE

THE AMENDED ORDER WITHIN 30 DAYS THE AMENDED ORDER WAS ISSUED

ON APRIL 1985 RESULTING IN THE SCOPE OF SOIL AND GROUND WATER

INVESTIGATIONSINVESTIGATION DESCRIBED IN THE INTRODUCTION TO THISTHI REPORT
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FIELD PROGRAM

SOIL AND GROUND WATER ASSESSMENT PLAN WAS DEVELOPED BY

BOEING TO ESTABLISH PROCEDURESPROCEDURE FOR CONDUCTING THE SAMPLING AND

TESTING PROGRAM REQUIRED BY WDOE THE FIELD PROGRAM ESTABLISHED

IN THISTHI PLAN HAD TWO MAJOR GOALSGOAL

TO IDENTIFY THE PRESENCE CHARACTER EXTENT AND MOBILITY OF

CONTAMINANTSCONTAMINANT IN GROUND WATER AT THE EMP SITE AND

TO DETERMINE IF PATHWAY EXISTSEXIST BETWEEN CONTAMINATION

IDENTIFIED ONE ITE AND THE DUWAMISH WATERWAY

THE FIELD PROGRAM CONSISTED OF THE FOLLOWING

INSTALLING EIGHT NEW MONITORING WELLSWELL AT SIX LOCATIONS

INCLUDING MULTIPLE DEPTH WELLSWELL AT TWO LOCATIONS

COLLECTING AND TESTING GROUND WATER SAMPLESSAMPLE AT EIGHT NEW

WELLSWELL AND FIVE EXISTING WELL POINTSPOINT TO CHARACTERIZE GROUND

WATER QUALITY AND THE NATURE EXTENT AND MOBILITY OF

CONTAMINANTSCONTAMINANT IN GROUND WATER

MONITORING GROUND WATER LEVELSLEVEL IN WELLSWELL AT EMF TO DETERMINE

TIDAL INFLUENCE ON GROUND WATER

COLLECTING SOIL SAMPLESSAMPLE DURING WELL INSTALLATION TO DETER

MINE STRATIGRAPHY OF UNDERLYING SOIL THE PRESENCE OF THE

I SILT LAYERSLAYER AND WATERBEARING ZONES

MEASURING GROUND WATER ELEVATIONSELEVATION IN OVER 40 MONITORING

WELLSWELL IN THE DUWAMISH RIVER VALLEY TO DETERMINE REGIONAL

GROUND WATER GRADIENTS

CONDUCTING CHEMICAL TESTSTEST OF SOIL AS REQUIRED TO CHAR

ACTERIZE SUBSURFACE CONTAMINATION
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CONDUCTING RISING HEAD PERMEABILITY TESTSTEST AT ALL NEW MONI

TORING WELLSWELL TO DETERMINE SOIL PERMEABILITIESPERMEABILITIE AND INFER

PREFERRED PATHWAYSPATHWAY FOR GROUND WATER MOVEMENT

THE LOCATION OF THE FIVE WELL POINTSPOINT WP 8A 9A AND

10 AND THE EIGHT NEW MONITORING WELLSWELL EMP IS ID 3S 3D 4
AND ARE SHOWN ON FIGURE 2 THE EIGHT NEW WELLSWELL WERE

INSTALLED FROM 16 TO 23 OCTOBER 1985 DURING DRILLING SOIL

SAMPLESSAMPLE WERE COLLECTED FROM BORINGSBORING EMP AND EMP FOR CHEMICAL

ANALYSIS WELL POINTSPOINT WP 8K AND 9K WERE DEVELOPED ON

25 NOVEMBER 1985 WELL POINT WP 10 AND WELLSWELL EMP LO ID 3A

3D AND WERE DEVELOPED ON AND DECEMBER 1985 AIR

LIFTING TECHNIQUESTECHNIQUE WERE USED TO DEVELOP ALL WELL POINTSPOINT AND

MONITORING WELLS PROCEDURESPROCEDURE FOR INSTALLING AND DEVELOPING TBE

WELLSWELL AND ASBUILT WELL CONSTRUCTION DETAILSDETAIL ARE PRESENTED

APPENDIX A

GROUND WATER SAMPLING WAS CONDUCTED ON 15 17 AND I8

DECEMBER 1985 GROUND WATER SAMPLESSAMPLE WERE COLLECTED FROM EACH

WELL POINT AND MONITORING WELL GROUND WATER AND SOIL SAMPLING

PROCEDURESPROCEDURE USED ARE DESCRIBED IN APPENDIX AND QUALITY

ASSURANCE AND QUALITY CONTROL PROCEDURESPROCEDURE USED IN THE FIELD ARE

DESCRIBED IN APPENDIX C

CONTINUOUSCONTINUOU WATER LEVEL MONITORING WAS CONDUCTED FROM 16 TO

18 JANUARY 1986 AND AGAIN FROM TO 14 FEBRUARY 1986 TO MEASURE

THE POTENTIAL INFLUENCE OF TIDAL FLUCTUATIONSFLUCTUATION IN THE DUWAMISH

WATERWAY ON GROUND WATER ELEVATIONSELEVATION AT EMF WATER LEVEL MONI

TORING WAS CONDUCTED IN ALL MONITORING WELLSWELL OUTSIDE BUILDING

39 62 EXCEPT FOR EMF FOR REASONSREASON DISCUSSED IN THE WATER LEVEL
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MONITORING SECTION BELOW USING PRESSURE TRANSDUCERSTRANSDUCER AND AN ELEC

TRONIC RECORDER

CHEMICAL TESTING OF GROUND WATER SAMPLESSAMPLE WAS CONDUCTED TO

DETERMINE THE CONCENTRATIONSCONCENTRATION OF THE FOLLOWING CONSTITUENTSCONSTITUENT INDI

CATOR PARAMETERSPARAMETER AND GENERAL WATER QUALITY PARAMETERSPARAMETER

METALSMETAL ORGANIC

HEXAVALENT CHROMIUM TRICHIOROETHYLENE
TOTAL CHROMIUM 11 LUTRICHIOROETHANE
LEAD 2TRANSDICHIOROETHYLE
NICKEL CYANIDE
COPPER
ZINC

INDICATOR PARAMETERSPARAMETER GENERAL ONALITY PARAMETERSPARAMETER

PH CHLORIDE
SPECIFIC CONDUCTANCE MANGANESE

TON
SODIUM

SOIL SAMPLESSAMPLE WERE TESTED FOR THE SAME CHEMICAL PARAMETERSPARAMETER AS

GROUND WATER CHEMICAL TESTING WAS CONDUCTED BY LAUCKSLAUCK

TESTING LABORATORIESLABORATORIE INC USING EPAAPPROVED TESTING METHODS

QUALITY ASSURANCE AND QUALITY CONTROL PROCEDURESPROCEDURE EMPLOYED BY

LAUCKSLAUCK TESTING LABORATORIESLABORATORIE INC DURING CHEMICAL TESTING AR

DESCRIBED IN APPENDIX C

RISING HEAD PERMEABILITY TESTSTEST WERE CONDUCTED AT ALL WELL

LOCATIONSLOCATION ON 31 JANUARY AND FEBRUARY 1986 TO ESTIMATE THE

HYDRAULIC CONDUCTIVITY OF THE SUBSURFACE FORMATIONS

SITE DESCRIPTION

THE EMP SITE COMPRISESCOMPRISE APPROXIMATELY ACRESACRE LOCATED

IMMEDIATELY EAST OF THE BOEING FIELDKING COUNTY INTERNATIONAL

AIRPORT IN SOUTH SEATTLE SEE FIGURE 1 THE SITE IS LOCATED

SCL 05937
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NEAR THE EASTERN SIDE OF THE DUVAMISH RIVER VALLEY WHICH IS

ABOUT 15 MILESMILE WIDE AT THISTHI LOCATION THE EMF SITE IS

RELATIVELY FLAT WITH AN AVERAGE ELEVATION OF APPROXIMATELY 20

FEET ABOVE MEAN LOWER LOW WATER MLLW FROM THE SITE THE LAND

SLOPESSLOPE GRADUALLY DOWNWARD TO TBEDUWAAISH WATERWAY TO THE WEST AT

AN INCLINATION OF ABOUT 45 FEET PER MILE

THE DUWAMISH WATERWAY IS LOCATED APPROXIMATELY 3700 FEET TO

THE SOUTHWEST OF THE EM SITE AT ITS CLOSEST POINT ABOUT RIVER

MILESMILE FROM ITS MOUTH AT ELLIOTT BAY THE BURLINGTON NORTHERN

RAILROAD MAINLINE IS LOCATED ABOUT 200 YARDSYARD TO THE EAST OF THE

EMF SITE THE RAILROAD RUNSRUN NORTHSOUTH ALONG THE EASTERN SIDE

OF THE DUWAMISH RIVER VALLEY IMMEDIATELY TO THE EAST OF THE

RAILROAD THE LAND RISESRISE STEEPLY TO THE INTERSTATE RIGHTOF

WAY WHICH IS CUT INTO THE EAST SLOPE OF THE VALLEY

THE SITE IS DOMINATED BY THE MAIN EM BUILDING BUILDING

3962 WHICH OCCUPIESOCCUPIE APPROXIMATELY 30 PERCENT OF THE SITE

MINOR STRUCTURESSTRUCTURE ARE LOCATED IN THE SOUTHEAST PORTION OF THE SITE

ADJACENT TO THE MAIN BUILDING MOST OF THE EXTERNAL SITE AREASAREA

AREOCCUPTED BY CONCRETE OR ASPHALT PARKING LOTSLOT AND INTERNAL

ROADS

SURROUNDING LAND USESUSE INCLUDE THE KING COUNTY INTERNATIONAL

AIRPORT TO THE WEST AIRPORT WAY SOUTH AND THE BURLINGTON

NORTHERN RAILROAD MAINLINE TO THE EAST AND LIGHT INDUSTRIAL AND

AVIATIONRELATED USESUSE TO THE NORTH AND SOUTH ORIENTED ALONG

AIRPORT WAY SOUTH

SCL 05938
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THE POTENTIAL FOR THE BURIED DUWAINISH RIVER CHANNEL TO ACT

AS PREFERRED PATHWAY FOR CONTAMINANTSCONTAMINANT WAS NOT CONSIDERED IN THE

CONTAMINANT FLUX CALCULATIONS PERMEABILITIESPERMEABILITIE CALCULATED FOR

WHAT WAS ORIGINALLY INFERRED TO BE PORTIONSPORTION OF THE BURIED CHANNEL

EMP AND POSSIBLY AND PERMEABILITIESPERMEABILITIE FOR THE SURROUNDING

ALLUVIUM ARE VERY SIMILAR INDICATING THAT THE CHANNEL DOESDOE NOT

CONSTITUTE PREFERRED PATHWAY

CONTAMINANT FLUX CALCULATIONSCALCULATION BASED ON INITIAL GROUND WATER

TEST RESULTSRESULT DEMONSTRATE THAT POTENTIAL CONTAMINATION REACHING

THE DUWAINISH WATERWAY FROM EMP WOULD RESULT IN CONCENTRATIONSCONCENTRATION FAR

BELOW FRESHWATER AQUATIC LIFE CRITERIA THEREFORE IT WAS DETER

MINED THAT ADDITIONAL GROUND WATER MODELING AND FLUX CALCULATIONSCALCULATION

FOR OTHER CONTAMINANTSCONTAMINANT WAS UNNECESSARY

FINDINGSFINDING CONCLUSIONSCONCLUSION

THE FINDINGSFINDING AND CONCLUSIONSCONCLUSION BELOW ARE BASED ON FIELD

INVESTIGATIONSINVESTIGATION AND CONTAMINANT TRANSPORT ANALYSESANALYSE CONDUCTED TO

DATE

THE LOCATION OF THE BURIED DUWAMISH RIVER CHANNEL NEAR THE

EMF SITE COULD NOT BE DETERMINED WITH CERTAINTY CHEMICAL

DATA INDICATE THAT THE CHANNEL MAY BE LOCATED NEAR

MONITORING WELLSWELL EME AND 5

THE PRESENCE OF SEVERAL SILT LAYERSLAYER WITHIN THE FILL AND

ALLUVIUM HAVE CREATED LOCALIZED SEMICONFINED WATERBEARING

ZONES THESE LAYERSLAYER ACT AS PARTIAL BARRIERSBARRIER TO CONTAMINANT

MIGRATION TOWARD THE DUWAMISH WATERWAY HOWEVER THEY ARE

NOT EXTENSIVE ENOUGH TO COMPLETELY RETARD THE MOVEMENT OF

THE CONTAMINANTS
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EXCEPT FOR CONCENTRATIONSCONCENTRATION OF TRICHLOROETHYLERIE IN WE
POINTSPOINT WP AND 9A A LEVELSLEVEL OF ORGANICSORGANIC IN THE GROUND

WATER WERE BELOW FRESHWATER AQUATIC LIFE CRITERIA THE

MAXIMUM LEVEL OF TRICHOROETHYLENE 190800 PPB IN WP 9A IS

APPROXIMATELY NINE TIMESTIME THE MAXIMUM CONCENTRATION

ALLOWED UNDER THE FRESHWATER AQUATIC LIFE CRITERIA FOR

1 CHRONIC EXPOSURE

CONCENTRATIONSCONCENTRATION OF HEXAVALENT CHROMIUM WERE AT OR BELOW

DETECTION LIMITSLIMIT IN ALL MONITORING WELLSWELL AND WELL POINTS

THISTHI IS DUE PRIMARILY TO THE CHEMICAL REDUCTION OF HEXAVA

LENT CHROMIUM TO TRIVALENT CHROMIUM WITHIN THE NATURAL SOIL

ENVIRONMENT

ELEVATED CONCENTRATIONSCONCENTRATION OF TRIVALENT CHROMIUM COPPER LEAD

AND ZINC WERE FOUND IN WELL POINTSPOINT WITHIN THE EM BUILDING

THE ELEVATED CONCENTRATIONSCONCENTRATION MAY BE ATTRIBUTED IN PART TO THE

PLATING OPERATIONSOPERATION AND THE USE OF GALVANIZED STEEL PIPESPIPE AS

CASING FOR THE WELL POINTS THE METAL EXCEEDING CRITERIA BY

THE HIGEST RATIO WAS COPPER WITH MAXIMUM CONCENTRATION OF

10000 PPB IN LIP 9

CONSERVATIVE ASSUMPTIONSASSUMPTION WERE MADE IN CALCULATING MASSMAS

MOVEMENT RATESRATE FOR TRICHIOROETHYLENE AND COPPER FROM EM TO

THE DUWAMISH WATERWAY BASED ON THESE CALCULATIONSCALCULATION MAXIMUM

CONCENTRATIONSCONCENTRATION OF TRICHIOROETHYLENE AND COPPER IN THE

DUWAMISH WATERWAY WERE DETERMINED TO BE 0012 PPB AND 00012

PPB RESPECTIVELY THESE CALCULATED CONCENTRATIONSCONCENTRATION ARE WELL

BELOW THE 21900 PPB CHRONIC EXPOSURE GUIDELINE FOR

TRICHLOROETHYLENE AND THE 4DAY AVERAGE FRESHWATER AQUATIC

LIFE CRITERIA OF 12 PPB FOR COPPER SEE TABLE 2
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PHYSICAL FACTORSFACTOR AND CHEMICAL AND BIOCHEMICAL PROCESSESPROCESSE

WHICH WERE NOT CONSIDERED IN THE CONTAMINANT TRANSPORT

ANALYSESANALYSE ARE EXPECTED TO SIGNIFICANTLY REDUCE THE

CONCENTRATIONSCONCENTRATION AND AMOUNTSAMOUNT OF CONTAMINANTSCONTAMINANT CALCULATED TO

REACH THE DUWAMISH WATERWAY FROM THE EM SITE

RECOMMENDATIONSRECOMMENDATION

THE FINDINGSFINDING AND CONCLUSIONSCONCLUSION OF THISTHI REPORT ARE BASED ON

SINGLE GROUND WATER MONITORING EVENT ADDITIONAL MONITORING IS

RECOMMENDED TO MORE ACCURATELY ASSESSASSES THE EXTENT AND POTENTIAL

IMPACT OF GROUND WATER CONTAMINATION IT IS RECOMMENDED THAT

THISTHI MONITORING PROCEED AS OUTLINED IN THE INITIAL SOIL AND

GROUND WATER ASSESSMENT PLAN FOR BOEING EM THAT IS

WATER QUALITY SAMPLESSAMPLE WILL BE COLLECTED FOR
PERIOD OF TWO YEARSYEAR WITH SAMPLESSAMPLE BEING TAKEN QUAR
TERLY FOR THE FIRST YEAR AT THE END OF ONE YEAR
AN EVALUATION WILL BE MADE AND THE SAMPLING INTER
VALSVAL ADJUSTED ACCORDINGLY

SAMPLING WILL BE CONDUCTED AT ALL WELLSWELL OUTSIDE OF THE EM

BUILDING AND AT WELL POINT WP 10 LOCATED INSIDE THE BUILDING AS

PROPOSED IN THE INITIAL PLAN THESE WELLSWELL ARE LOCATED SUCH THAT

THE DOWNGRADIENT MIGRATION OF THE CONTAMINANT PLUMESPLUME MAY BE

MONITORED AND ANY POTENTIAL MIGRATION THROUGH THE BURIED CHANNEL

DETECTED BECAUSE OF RECENT CONSTRUCTION ACTIVITIESACTIVITIE WITHIN EMF

WELL POINTSPOINT WP 8A AND 9A ARE NO LONGER ACCESSIBLE FOR

MONITORING
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GROUND WATER SAMPLESSAMPLE WILL BE CHEMICALLY TESTED FORTHE SAME

PARAMETERSPARAMETER AS THE INITIAL TESTING DESCRIBED HEREIN EXCLUDING

CYANIDE WHICH WAS BELOW DETECTION LIMITSLIMIT AT ALL WELLSWELL AND WELL

POINTSPOINT AND INCLUDING VINYL CHLORIDE BREAKDOWN PRODUCT OF

TRICHIOROETHYLENE AND 12TRANSDICHIOROETHYL

GROUND WATER LEVELSLEVEL WILL BE MEASURED QUARTERLY DURING EACH

SAMPLING TO BETTER UNDERSTAND THE GROUND WATER FLOW SYSTEMSSYSTEM AT

EM GROUND WATER LEVELSLEVEL WILL ALSO BE MEASURED AT THREE

ADDITIONAL TIMESTIME THROUGHOUT THE YEAR IN ORDER TO OBTAIN GROUND

WATER LEVEL TRENDSTREND OVER THE ENTIRE YEAR TRENDSTREND FOR EACH WELL

WILL BE COMPARED TO DETERMINE

INTERCONNECTIONSINTERCONNECTION BETWEEN THE WATER TABLE AQUIFER AND THE

DEEPER SEMICONFINED WATERBEARING ZONES

WATER LEVEL FLUCTUATIONSFLUCTUATION IN MONITORING WELLSWELL EMF 3D AND

RELATIVE TO THE OTHER WELLS

POSSIBLE EFFECTSEFFECT OF LEAKY PIPESPIPE SITE DRAINAGE AND OTHER

FACTORSFACTOR ON GROUND WATER LEVELS

AT THE END OF THE FIRST YEAR OF MONITORING AN ASSESSMENT

REPORT WILL BE PREPARED THISTHI REPORT WILL INCLUDE RESULTSRESULT OF ALL

CHEMICAL TESTING RESULTSRESULT OF CONTINUED GROUND WATER LEVEL

MONITORING AND CHANGESCHANGE ANDOR REFINEMENTSREFINEMENT TO THISTHI REPORTSREPORT
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1

CONCLUSIONSCONCLUSION AND RECOMMENDATIONSRECOMMENDATION BASED ON THE CONTINUED NUPITORING

PROGRAM IF REQUIRED THE ASSESSMENT REPORT WILL ALSO INCLUDE AN

EVALUATION OF APPROPRIATE REMEDIAL ACTIONSACTION FOR THE SITE

RESPECTFULLY SUBMITTED

LANDAU ASSOCIATESASSOCIATE INC

BY

HENRY G LANDAU PHD PE
AND

ELIZABETH C DOAN
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